Two filed experiments were carried out during the winter seasons of 2016/2017 and 2017/2018 at the Experimental Farm, El-Gemmeiza, Agric Res. Station, (ARC), Gharbya Governorate (Middle Delta, Egypt), to study the effect of nitrogen fertilization at 90 and 120 kg/fad., and some stimulants; viz, salicylic acid (SA at 100 mg/l ), lithovit at 2 g/l and algae extract at 2%, beside unsprayed treatment on dry weight, yield, bulb quality and storability of garlic, Balady cultivar under clay soil conditions using flood irrigation system. The obtained results revealed that, the interaction between using 120 kg N/fad., and lithovit at 2 g/l increased dry weight of bulb, leaves and total dry weight/plant, N, P and K contents in bulb and leaves mineral uptake, uptake by bulb, leaves and their total uptake by plant as well as total chlorophyll in leaves, average bulb weight, marketable and total yields/faddan. While, the interaction between using 90 kg N/fad., and lithovit or SA increased nitrogen use efficiency, dry matter (DM). TSS, Pungency in bulbs at harvesting time and decreased total weight loss percentage after 180 days from storage in both seasons. The relative increases in total yield/fad., were about 41.96 and 61.11% for the interaction between fertilizing garlic plants with 120 kg N/fad., and spraying with lithovit at 2 g/l over 90 Kg N without spraying with stimulants in the 1 st and 2 nd seasons, respectively. In the same time, the interaction between 90 kg N/fad., and lithovit recorded increases in total yield/fad., were about 9.59 and 10.10% over the plants which received 120 kg N/fad., without spraying with stimulants in the 1 st and 2 nd seasons, respectively.
INTRODUCTION
Garlic (Allium sativum L.) is one of the most important bulb vegetable crops and is next to onion in importance. It is commonly used as a spice or in the medicinal purposes. In Egypt, it has been generally cultivated for both local consumption and export. Therefore, increasing garlic yield and improving bulb quality are essential aims for both growers and consumers, but it usually depends on many factors especially that influence the plant growth throughout the growth period.
The requirement of nitrogen for garlic production may vary with soil type, the previous crop grown, the amount of organic matter present and the climatic conditions during crop growing season. Nitrogen is one of the major essential nutrient elements that contributes a lot for the production of crop.
Increasing nitrogen fertilizer increased plant growth, yield and its components and bulb quality ( Salicylic acid (SA) a natural signal molecule, has been shown to play an important role in regulating a number of physiological processes in plants. Its exogenous application has promoted plant performance under biotic and abiotic http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master
Plant Production Science stresses (Senaratna et al., 2000) . Spraying plants with salicylic acid was the superior for enhancing the total dry weight/plant, leaf pigments, N, P and K uptake by leaves and bulb, exportable, marketable and total yield/fad., as well as average bulb weight compared to control treatment (Bardisi, 2004 Modern agricultures searching for new biotechnologies that would allow for a reduction in the use of chemical inputs without negatively affecting crop yield or the farmers' income. In recent years, the use of natural algae as fertilizer has allowed for partial substitution of conventional synthetic fertilizer (Zodape et al., 2011) . In addition, a number of commercial algae extract products are available for use in agriculture and horticulture and can be used as liquid extracts applied as foliar spray, soil drench, or in granular/powder form as soil conditioners and manure ( Nano-fertilizers are used recently as an alternative to conventional fertilizers for slow release and efficient use by plants. Nano-fertilizers could enhance nutrient use efficiency and decrease the costs of environmental protection, (Naderi and Shahraki, 2013) . Lithovit compound containing silica (5%), magnesium carbonate (4%) and calcium carbonate (75%) particles, extremely small, which gives them the ability to enter through the stomata in leaves of plants when applied as foliar spray (Raven, 2003) . Increasing lithovit rates from zero (untreated) to the highest rate, significantly increased plant growth, yield and its components as well as bulb quality (Abdelghafar et al., 2016 on onion and Merwad, 2018 on garlic). Therefore, the aim of this research is the possibility of reducing the rate of nitrogen fertilization by using some stimulants to increase productivity, bulb quality and storability of garlic.
MATERIALS AND METHODS
Two filed experiments were carried out during the winter seasons of 2016/2017 and 2017/2018 at the Experimental Farm of ElGemmeiza, Agric Res. Station, (ARC), Gharbya Governorate (Middle Delta, Egypt), to study the effect of nitrogen fertilization and some stimulants on growth, yield, bulb quality and storability of garlic Balady cultivar under clay soil conditions using flood irrigation system. The used soil properties were: Clay loam soil in texture for the average two seasons, while it had 1.27% organic matter, 8.19 pH, 1.07 mmhos/cm EC, 76.7 available N, 12.4 available P and 272 available K as mg/kg soil. This work included eight treatments which were the combination between two levels of mineral nitrogen at 90 and the recommended rate (120 kg/fad.) with three stimulants, i.e., salicylic acid (SA) at 100 mg/l, lithovit at 2 g/l and algae extract at 2%, beside spraying with tap water treatment.
These treatments were arranged in a splitplot design with three replicates. Nitrogen levels were randomly arranged in the main plots, while foliar spray treatments with some stimulants were randomly distributed in the sub plots.
Green micro Algae extract was produced by National Res. Cent. (NRC, Giza, Egypt). It containing 50.56% crude protein, 7.39 % ether extract, 9.83% crude fiber, 9.18% ash, 4.51% moisture, 8.09% N, 2.69% P, 0.65% K, 2057 ppm Fe, 722 ppm Zn, 747 ppm Mn and 93 ppm Cu.
The lithovit was obtained from Agrolink Company as a powder, the Chemical analysis of lithovit were 79.19% Calcium carbonate, 0.06%N, 0.01% P, 0.21% K 2 O, 4.62% Magnesium carbonate, 11.41% Selenium dioxide, 0.33% sulphur, 1.31% Iron, 0.005% Zinc, 0.002% Copper, 0.014% Manganese and 0.55, Sodium oxide.
Salicylic acid (SA-2 hydroxybenzoic acid) was obtained from Sigma Chemical Co. (St. Louis, USA) Salicylic acid (SA) was dissolved in absolute ethanol then added drop-wise to water (ethanol/water: 1/1000, V/V).
The plants were sprayed with SA, algae extracts and lithovit at four times at 60, 80, 100 and 120 days after planting. Each plot received 2L. solutions of each stimulant using spreading agent in all treatments to improve adherence of the spray to the plant foliage for increasing stimulants absorption by the plants. The untreated plants (check) were sprayed with tap water and spreading agent.
One ridge was left as buffer zone between each two experimental units to avoid seepage of materials sprayed.
One third of mineral nitrogen in the form of ammonium sulphate (20.6% N) was added during soil preparation and the rest amounts were added at three portions as soil application by one month intervals beginning one month after planting.
Garlic cloves were selected for uniformity in shape and size. Cloves were planted at distance of 10 cm apart in both sides of the ridge on the first week of October in both seasons.
The experimental unit area was 10.8 m 2 .It contained three ridges with 6m length and 60 cm in width. One ridge was used for the samples to measure vegetative growth and the other ridges were used for yield determination.
All plots received the recommended dose of P and K at the rates 60 kg P 2 O 5 /fad., and 75 kg K 2 O/fad., in the form calcium super phosphate (15.5% P 2 O 5 ) and potassium sulphate (48-50% K 2 O), respectively. One third of potassium sulphate and all calcium super phosphate were added during soil preparation and the first amounts of ammonium sulphate with farmyard manure ( FYM) at 30 m 3 /fad., while the two third of K 2 O was added at three portions as soil application by one month intervals beginning one month after planting.
The other normal agricultural practices for growing garlic were carried out as commonly followed in district.
Data Recorded

Plant growth
Ten plants were randomly taken for each plot at 135 days after planting, and they were separated into different organs; i.e. bulb and leaves, then they were oven dried at 70°C tell constant weight. Dry weight was recorded as bulb, leaves, dry weights/plant (g). In addition, total plant dry weight (bulb +leaves/ plant) was calculated.
Total chlorophyll
A disc sample from the fourth outer leaf of garlic plant was randomly taken from every experimental unit 135 days after planting in both growing seasons to determine chlorophyll a and b, according to the method described by Wettestein (1957) and after that total chlorophyll (a+b) were calculated.
Mineral contents, uptake and total uptake
Dried represented samples of bulb and leaves of the all tested treatments at 135 days after planting in both seasons were finely ground and wet digested. Then, N, P and K contents were determined according to the methods described by AOAC (1995). Uptake and total uptake of N, P and K were calculated.
Yield and its components
At proper maturity stage of bulbs ( 200 days) every plot was harvested and graded into four categories according to the Ministry of Economy Egypt (1963), Grade 1: bulbs with diameter more than 5.5 cm, grade 2 : bulbs with diameter more than 4.5 to 5.5 cm, grade 3: bulbs with diameter less than 4.5 cm and grade 4:bulbs with diameter less than 3.5 cm, each grade was counted and weighed separately at the same harvest day and the following data were calculated as ton/fad., marketable yield (grade 1 + grade 2 + grade 3), unmarketable yield (grade 4) and total yield (grade 1+ grade 2 + grade 3 + grade 4). Also, average bulb fresh weight (g) was recorded.
Nitrogen use efficiency (NUE)
It was determined by dividing the bulb yield/ fad., by the nitrogen quantity/fad., and expressed as kg bulb/kg N according to Clark (1982) .
Bulb quality at harvesting date Dry Matter (%)
One hundred grams of the grated mixture were dried at 105°C till constant weight and DM (%) was recorded.
Total soluble solids (TSS)
It was measured in bulbs using Carl Zeis refractometer.
Pungency as pyruvic acid
It was determined in fresh garlic cloves tissues using the method described by Schwimmer and Westen (1961).
Bulb Storability
Just after harvesting on April 20 th for the two experimental seasons, bulb yield of each plot was separately collected and translocated to curing for 15 days in aired shady place. After curing (on May 5 th ), dried plant tops were discarded and four kilograms of uniform cured bulbs for each plot were putted in palm crates and then stored at room temperature. Storage was prolonged to six months, so the storage zero time was May 5 th and it was ended on November 5 th in both seasons. The average room temperature and relative humidity during storage months are presented in Table A .
Bulb storability was monthly tested and the following data were recorded:
Weight loss (%)
Bulbs of each treatment were weighed at 30 days intervals, and then the cumulative weight loss percentage was calculated.
Statistical Analysis
Collected data were subjected to statistical analysis of variance according to Snedecor and Cochran (1980), and means separation was done using LSD at 5% level of probability.
RESULTS AND DISCUSSION
Dry Weight Effect of nitrogen levels
Results in Table 1 show that dry weight of bulb, leaves and total dry weight/plant were significantly affected by nitrogen level in both seasons.
Fertilizing garlic plants with 120 kg nitrogen gave the highest value for each of dry weight of bulb, leaves and total dry weight/plant in both seasons.
The relative increases in total dry weight/ plant were about 19.43 and 36.06 for 120 kg N/fad., over 90 kg N/fad., in the 1 st and 2 nd seasons, respectively.
The increase of plant growth by increasing nitrogen level might be due to its role in photosynthesis, protein synthesis, cell division and enlargement which are the basal steps of plant growth. In addition, nitrogen plays an important role in the enzyme activity which reflects more products needed in plant growth (Gardener et al., 1985) . 
Effect of some stimulants
Results in Table 1 also, reveal that foliar application of different stimulants such as salicylic acid (SA), algae extract and lithovit resulted in significant increases for all dry weight of different organs of garlic plant than control treatment in both seasons of the study.
Spraying garlic plants with lithovit gave the highest value for each of dry weight of bulb, leaves and total dry weight/plant, followed by spraying with algae extract in both seasons
The relative increases in total dry weight/ plant were about 19.07 and 30.76 for spraying plants with lithovit, as well as 12.80 and 13.38% for spraying plants with algae extract over the control treatment (spraying with tap water) in the 1 st and 2 nd seasons, respectively.
Respecting the effect of lithovit on increasing the dry weight/plant, lithovit contain macro and micro-elements, which encourage and activities the metabolism of the compounds formations, then increased the growth of plants (Bidwell, 1979) . 
Effect of the interaction between N levels and some stimulants
The interaction between fertilizing garlic plants with 120 kg N/fad., and spraying with lithovit had significantly increased bulb, leaves and total dry weight/plant compared with the other treatments and control in both seasons of study, without any significant differences with the interaction between nitrogen at 120 kg/fad., and spraying plants with algae extract regarding to dry weight of bulb in both seasons (Table 1) .
The relative increases in total dry weight/ plant were about 43.93 and 72.90% for the interaction between N at 120 kg/fad., and spraying with lithovit over the control treatment in the 1 st and 2 nd seasons, respectively.
The increase in plant growth in response to nitrogen and lithovit may be due to, its role as a long term reservoir supplying plants with CO 2 (Kumar, 2011) ; thus, it can enhance plant growth and productivity, where elevated CO 2 concentrations generally increased carbon assimilation, biomass and leaf area of plants (Maswada and Abd El-Rahman, 2014). It is well known that lithovit particles remain as a thin layer on the surface of leaves and penetrate frequently when they get wet with dew at night. Tables 2, 3 and 4 show that, concentration of elements, i.e., N, P and K in bulb and leaves, uptake by bulb and leaves and their total uptake by plant as well as total chlorophyll (a+b) in leaves were significantly increased due to fertilizing plants with nitrogen levels in both seasons.
Minerals Content, Uptake and Total Chlorophyll Effect of nitrogen level
Results in
The highest value of for each all minerals contents, its uptake by bulb and leaves as well as total uptake by plants were observed when fertilizing garlic plants with 120 kg N/fad., than 90 kg N/fad., in both seasons. Also, the highest total chlorophyll in leaves were found in those plants which received the highest level of N in both seasons.
The increase in minerals concentration in tissues of garlic plant as a result of increasing the addition of nitrogen fertilizer might be attributed to the stimulating effect of absorbing efficiency of the plant. In addition, application of nitrogen fertilizer stimulates synthesis of carbohydrates to which the dry matter content is a reliable index. This might be due to increase in amount of carbohydrates in roots consequently the minerals uptake became greater (Mengel and Kirkby, 1978) . They showed that increasing nitrogen fertilizer increased photosynthetic pigments, mineral contents and its uptake by garlic plants.
Effect of some stimulants
The same results in Tables 2, 3 and 4 indicate that, spraying garlic plants with different stimulants SA, algae and lithovit had a significant effect on N, P and K contents and their uptake by bulb and leaves as well as total N,P and K uptake by plant and total chlorophyll in leaves of garlic than unsprayed plants, except K content in bulb in the 2 nd season. Spraying garlic plants with lithovit significantly increased N , P and K contents and their uptake by bulb and leaves as well as total N,P and K uptake by plant and total chlorophyll in leaves without any significant differences with algae extract as for N and P content in both season, K (%) in bulb and N and K (%) in leaves in the 1 st season and with SA regarding P (%) in bulb in the 2 
Effect of the interaction between N levels and some stimulants
The interactions between nitrogen rates and spraying plants with some stimulants had a significant effects on N, P and K contents and their uptake by bulb and leaves as well as total uptake of N, P and K by plant and total chlorophyll in leaves in both seasons (Tables 2,  3 and 4) .
In general, the interaction between 120 kg N/ fad., and spraying with lithovit significantly increased N, P and K contents and their uptake by bulb and leaves as well as total uptake of N,P and K by plant and total chlorophyll in leaves, followed by the interaction between 120 kg N/fad., and spraying plants with algae extract in both seasons.
Yield and its Components as Well as Nitrogen Use Efficiency Effect of nitrogen levels
Results in Table 5 indicate that, fertilizing garlic plants with 120 kg N/fad., significantly increased average bulb weight, marketable and total yield/fad., and decreased unmarketable yield than fertilizing plants with 90 kg/fed., in both seasons.
As for nitrogen use efficiency, fertilizing plants with 90 kg N/fad., gave the highest values of nitrogen use efficiency (87.89 and 87.88 kg bulb/1kg N) against 73.67 and 75.26 kg bulb/one kg N) for 120 kg N/fad.) in the 1 st and 2 nd seasons, respectively.
The relative increases in total yield/fad., were about 11.77 and 14.20 for fertilizing plants with 120 kg N/fad., over fertilizing with 90 kg N/fad., in the 1 st and 2 nd seasons, respectively.
Availability of nitrogen is of prime importance for growing plants as it is major and indispensable constituent of protein and nucleic acid molecules. An adequate supply of nitrogen is associated with vigorous vegetative growth and more efficient use of available inputs finally leading to higher productivity (Hore et al., 2014) . 
Effect of some stimulants
Results in Table 5 show that, average bulb weight, marketable, total yield and nitrogen use efficiency were significantly increased by spraying plants with lithovit than other treatments in both seasons without significant differences with algae extract as for total yield in the 2 nd season. Unsprayed plants recorded the highest unmarketable yield in both seasons. The increase of total yield/fad., might be due to the increase in average bulb weight (Table 5) . Also, this might be due to the favorable effect of lithovit on dry weight (Table 1) , total chlorophyll and mineral contents and their uptake (Tables 2,  3 and 4) .
In this regard, the superiority of using lithovit on total produced yield and its components may be attributed to the role of it as a source of calcium and carbonate which reduced inside plant cell to form carbon dioxide which accumulate in cells and increased the rate of photosynthetic assimilation and consequently increased vegetative growth and produced yield (Abo-Sedera et al., 2016). 
Effect of the interaction between N levels and some stimulants
It is clear from results in Table 5 that there were significant effect between nitrogen levels and some stimulants as foliar application on yield and average bulb weight in both seasons. The interactions between fertilizing plants with 120 kg N/fad., and spraying with lithovit significantly increased average bulb weight, marketable and total yield/fad., and decreased unmarketable yield and nitrogen use efficiency in both seasons, without significant differences with the interaction between 120 kg N /fad., and spraying with algae extract as for total yield/ fad., in both seasons.
Nevertheless, the interaction between fertilizing plants with 90 kg N/fad., and spraying with lithovit produced the highest values of nitrogen use efficiency (95.52 and 97.11 kg bulb/kg N against 78.80 and 81.60 kg bulb/kg N for the interaction between 120 kg N/fad., and spraying with lithovit) in the 1 st and 2 nd seasons, respectively.
The relative increases in total yield/fad., were about 41.96 and 61.11% for the interaction between fertilizing garlic plants with 120 kg N/fad., and spraying with lithovit over 90 Kg N only in the 1 st and 2 nd seasons, respectively. In the same time fertilizing garlic plants with 90 kg N/fad., and spraying with lithovit recorded increases in total yield/fad., were about 9.59 and 10.10% over the plants which received 120 kg N/fad., only (control treatment) in the 1 st and 2 nd seasons, respectively.
Bulb Quality Effect of nitrogen levels
Results in Table 6 evidently show that fertilizing garlic plants with different nitrogen levels had a significant effect on dry matter, TSS, pungency and total weight loss of bulb through storage period in both seasons.
Fertilizing garlic plants with 90 kg N/fad., gave the highest value for each of dry matter, TSS, pungency at harvesting time and lowest values of total weight loss percentage after 180 days from storage than fertilizing with 120 kg/fad., in both seasons. 
Effect of some stimulants
Results in Table 6 show that, dry matter, TSS%, pungency and total weight loss percentage in bulbs through storage period were significantly increased due to spraying plants with all stimulants than control treatment in both seasons.
Spraying garlic plants with lithovit gave the maximum values of dry matter, TSS, Pungency in bulb at harvesting time and minimum values of total weight loss percentage after 180 days from storage, followed by the plants which sprayed with SA in both seasons.
The decreasing in total weight loss percentage in bulb during storage may be due to the increase in dry matter and TSS in bulb (Table 6) 
Effect of the interaction between N levels and some stimulants
It is obvious from results in Table 6 that the interaction between nitrogen fertilizer and spraying with some stimulants as foliar application had significant effects on all bulb quality of garlic such as, dry matter, TSS and pungency in bulbs at harvesting stage and total weight loss percentage in bulbs during storage period (180 days) in both seasons.
The highest value for each of dry matter, TSS and pungency in bulbs at harvesting time and the lowest values of total weight loss percentage after 180 days from storage period were shown when garlic plants fertilized with 90 kg N/fad., and sprayed with lithovit, followed by the interaction between fertilized plants with 90 kg N/fad., and sprayed with SA in both seasons.
The increasing in pungency and decreasing in total weight loss might be due to the increases in bulb weight (Table 5 ) and TSS in bulbs (Table 6 ).
Further studies are recommended to try using 90 kg N/fad., and lithovit which recorded increases in total yield/fad., were about 9.84% over the plants which received 120 kg N/fad., only (control treatment) average two seasons as well as gave the best bulb quality and storability. 
